Abstract. A number of techniques have been developed in order to address issues such as genome, trascriptome and proteome analysis. However, a time and cost effective technique for interactome analysis is still lacking. Lots of methods for the predicion of protein -protein interacions have been developed: some of them are based on high quality alignment of sequences, others are based on the tridimensional features of proteins, but they all bear strong limitations that make impossible their large scale application. Recently, an SVM-based machine learning approach has been used to address this topic. Although the method was able to correctly classify 80% of the test samples, it was not applied to the prediction of yet unknown interactions. In this work, we address this topic and show that an optimized, SVM-based machine learning approach trained with combinations of shuffled sequences as examples of lack of interaction is unable to make large scale predictions of interaction.
Introduction
The recent sequencing of human and other species genomes has given a strong impulse to the large scale study of genes and their products. A number of techniques have been developed in order to address issues such as genome, trascriptome and proteome analysis.
Unfortunately, and in contrast with other cell molecules, a bench technique that allows a large scale, cost and time effective analysis of interactome is still lacking. To overcome this limitation, several bioinformatic approaches have been developed to make predictions, which subsequently have to be validated by classical experiments of wet biology.
The search for pairs of proteins that interact is really a challenging issue. Given that a protein has from 2 to 10 interacting partners within a cell [5] , it is clear that a bunch of interesting proteins has to be distinguished from a proteome of noisy ones.
Some bioinformatic approaches rely on the alignment of sequences coming from different organisms. The principal methods are philogenetic profiling, gene order conservation, "Rosetta stone", co-evolution analysis, in silico two hybrid to be fully sequenced at a good qualitative standard. As a consequence, even if those methods provide good results, they can be hardly ever applied.
Other methods, namely the "docking" methods, try to infer an interaction by analysing the tridimensional complementarity of two proteins. The strongest limitation of such methods is that the tridimensional structure is known for a little minority of the proteins. This problem could be partially overcome by the so-called "threading" procedures, which combine homology modelling, structure refining and tridimensional complementarity analysis. Despite of this, the method cannot be applied to the sequences that lack structurally resolved homologs.
Recently, an SVM-based prediction method has been proposed that, looking exclusively at the primary structure and related physico-chemical properties would be functional and could be applied without limitations. Such method learns from examples of interacting and non -interacting proteins, represented as physico-chemical characteristic patterns, and tries to rule out the regularity (which is often unknown) that permits to discriminate between the two classes [2] .
SVM is a supervised, kernel machine learning method that is based upon the concept of structural risk minimization [1] . It has recently been used for bioinformatic purposes [2] [9] because of some interesting features. First of all, it can efficiently manage huge amounts of data; then, the phenomenon of overfitting is strongly reduced; moreover it exists a publicly available implementation in C language which is computationally very efficient [4] . An SVM-based method has been used by Bock and Gough [2] to classify pairs of interacting and non-interacting proteins, with a precision of 80%. It must be underlined here that, while interacting pairs of proteins are easily found in specialized databases, it does not exist a database of non-interacting proteins; then, negative examples were generated by shuffling the sequence of interacting proteins. The strongest limitation of this approach is that the authors did not apply the method to the real problem of predicting new interactions.
The present work has three purposes: to determine the crucial parameters for the construction of good SVM input vectors, to ameliorate the classification performance of 80% found by Bock and Gough, and to make predictions of novel interacting pairs of proteins through our optimized SVM-based method. The paper is organized as follows: in the next section a review of the methods used is given, followed by a summary of the obtained results, and finally a general discussion about the results is provided.
Matherials and Methods
Hardware and software. The computer used all over this work is an AMD DURON 750 MHz, with 576 Mb RAM. The software implementing the SVM algorithm was written in C language and kindly made accessible to the scientific community by Dr. T. Joachims 
